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Introduction 51
Mucosal secretions are an attractive medium for the repeated, non-invasive 52 assessment of endocrine, immune and inflammatory responses to stress (Papacosta & Nassis, 53 2011; Slavish, Graham-Engeland, Smyth, & Engeland, 2015) . Secretory immunoglobulin-A 54 (SIgA) provides a direct measure of immune competence due to its antimicrobial actions at 55 the mucosal epithelia (Brandtzaeg, 2013) . Low salivary SIgA levels have been highlighted as 56 a risk factor for upper respiratory illness in athletes (Gleeson et 
Sample collection, handling and analysis 111
We collected tear samples at 5-min-pre, 2-min-post and 20-min-post stress onset and 112 at the same times of day during the control trial using methods previously described 113 (Hanstock et al., 2016) . Briefly, tear fluid collected from the inferior marginal tear strip via 114 glass microcapillary pipette was transferred to a pre-weighed microcentrifuge tube and 115 refrigerated. At 3 h post-collection, samples were weighed to 0.01 mg, diluted 1:99 in 116 phosphate-buffered saline and frozen at -80°C. We demonstrated stability of SIgA-C in tear 117 samples after 3 hours refrigeration in a pilot study (see Supplementary Material). After 118 thawing, we used an enzyme-linked immunosorbent assay to determine tear SIgA-C in 119 duplicate (Salimetrics, PA, USA; intra-assay CV = 1.6%). We calculated SIgA secretion rate 120 (SIgA-SR) by multiplying tear flow rate (sample mass/collection time) by SIgA-C. 121
122

Statistical analyses 123
We performed statistical analyses using SPSS (v24, IBM, New York, USA) and 124
GraphPad Prism (v5, San Diego, USA). With power 0.8 and alpha 0.05, we estimated a 125 sample size of 32 participants for a model with three predictors to detect a large f 2 effect size 126 of 0.4 (G*Power 3.1.9, Germany). Tear SIgA-C and SIgA-SR displayed log-normal 127 distributions and were log-transformed before analysis. The efficacy of the zip-line ride to 128 increase state anxiety and HR was assessed using paired t-tests; effect sizes are Cohen's d. 129
Two-way repeated-measures ANOVA was used to explore the influence of stress on SIgA-C 130 and SIgA-SR. Reactivity effects were explored using hierarchical linear regression. We 131 defined tear SIgA reactivity as the difference in log-transformed values (log 2 fold-change) 132 between the control condition and 2-min-post-stress to give equal weighting to increases and 133 decreases from control values in the regression analysis. 134
136
Results 137
Physiological and psychological responses to stress. 138
Peak HR during the zip-line ride was higher than mean HR during seated rest (Table  139 1); we defined this difference as ΔHR. Prior to the zip-line ride state anxiety increased 140 compared to control ( Effect of stress on tear SIgA-C and SIgA-SR. 146
Repeated-measures ANOVA revealed that tear SIgA-C decreased during the stress 147 trial (time * trial interaction effect: F(2,62) = 4.58, p = .01; Fig 1a) ; Tukey's HSD revealed a 148 reduction in SIgA-C at 2-min-post-stress compared to 5-min-pre-stress and lower SIgA-C 149 during stress vs. control at all time points. At 2-min-post-stress, 28 of 32 participants' SIgA-150 C was lower than control, with a 44% mean decrease (SD = 36%, d = 1.23). There was a 151 trend towards decreased SIgA-SR throughout the stress trial (main effect of trial: F(1,31) = 152 3.37, p = .08, Fig 1b) We used hierarchical linear regression to determine the relationship between stress 162 reactivity and tear SIgA-C reactivity to stress. We entered participants' sex into the 163 regression model first, followed by ΔHR at Step 2 and ΔSTAI-Y1 at Step 3. Collinearity 164 statistics were within accepted ranges. At Step 2 addition of ∆HR was able to significantly 165 explain SIgA-C reactivity (F(2,27) = 5.67, p = .009), but addition of ΔSTAI-Y1 at step 3 did 166 not improve the model further (Table 2) . No significant relationships were found between 167 sex, ΔHR or ΔSTAI-Y1 and SIgA-SR reactivity to stress (F(3,26) = .77, p = .52). 168 169 This study is the first to explore the effect of acute psychological stress on ocular 175 immune parameters, and provides preliminary validation of tear SIgA-C as a biomarker of 176 immune reactivity to acute stress. We observed that the zip-line protocol produced marked 177 elevations of HR and state anxiety, and decreased tear SIgA-C throughout the duration of the 178 stress trial. Participants with the greatest HR responses to the stressor tended to exhibit 179 greater decreases in tear SIgA post-stress. These observations support a role for physiological 180 arousal in determining tear SIgA-C reactivity to stress. 181
During the stress trial, SIgA-C was lowest immediately post-stress, but was lower 182 than control throughout, from 5-min before to 20-min after the zip line ride. That we did not 183 blind participants to the stressor in advance likely caused anticipatory stress accounting for 184 the lower tear SIgA-C at 5-min-pre; together with the lower tear SIgA-C at 20- min 
